On the basis of five statistical parameters the stability of three dormancy indices, i.e. germinability, germination rate and dormancy index, has been determined 10 days a�er harvest at temperatures of 25°C. The object of the research included seeds of 12 winter wheat cultivars harvested in the years [1997][1998][1999][2000][2001][2002][2003]. In spite of significant genotype x environmental interactions accounting for 23.8-50.6% of the total variation, a significant differentiation between all the indices was found. Among the investigated cultivars a low level of dormancy was observed in the cultivars Wanda, Juma and Begra (germinability 83-92%, dormancy index 7.7-9.5), while evident dormancy was found in the cultivars Elena, Izolda, Almari, Mikon and Kobra (germinability 44-58%, dormancy index 21.3-32.2). The cultivars showing deep dormancy were characterized by lower stability of both the indices. The cultivars strongly reacting to the seasonal variation (b 1 > 1), in respect of the three indices, were Sakwa, Kobra, Mikon and Elena. High consistency of the stability parameters was found between ecovalence and mean square of deviations from regression (r = 0.87**-0.98**) and between the linear regression coefficient and the coefficient of determination (r = 0.69*-0.86**).
At the end of the ripening stage cereal grains pass to the state of dormancy, connected with their unreadiness to germinate. This is an endogenous factor protecting grains against sprouting which lowers the technological value of grain and the quality of the sowable material. The genetically conditioned dormancy of grains is strongly affected by environmental variation (Nielson et al. 1984 , Strand 1990 ). Rainfall together with low temperature increase sprouting, while high temperature at the phase of wax maturity shortens the dormancy period after harvest (Belderok and Habekotte 1980 , Hagemann and Ciha 1987 , Strand 1990 , Lunn et al. 2002 . The reaction of cultivars to temperature during the vegetation period is specific and depends on the phase of grain maturity (Nielson et al. 1984) . The knowledge of the environmental conditions varying the dormancy of wheat grains is of great importance for the progress in mapping genes and molecular markers (Mares et al. 2002) , and for practical breeding genotypes with preharvest sprouting tolerance (Weilenmann 1980 , Węgrzyn et al. 1991 .
A high level of genotype × environmental interaction of dormancy is an unfavourable phenomenon. Thus it is desirable to come to know the stability of phenotypic factors of winter wheat grain dormancy and to identify the cultivars characterized by a predictable reaction to variable environmental conditions.
MATERIAL AND METHODS
The research covered the grains of 12 winter wheat cultivars harvested in the years [1997] [1998] [1999] [2000] [2001] [2002] [2003] . The material to be investigated was reproduced at an experimental station located in Prusy near Cracow, in southern Poland. Environmental conditions in individual years are characterized by hydrothermal coefficients (K). They were calculated as a relation of decadal rainfall total (p) to the sum of mean daily temperatures (t), according to the formula K = (p × 10)/t.
Winter wheat grains were harvested at the phase of full maturity in the first decade of August. Germination was evaluated 10 days after harvest, at the temperatures of 25°C and 15°C. In four replications, each time 50 seeds germinated in Petri dishes, on blotting paper. The course of germination was registered every day over the period of 8 days. The evaluation of the reaction of the cultivars to varied seasonal conditions was based on three germination indices:
1. Germination ability, according to ISTA (1999). 2. Germination rate (Kamaha and Maguire 1992) =
where k is the number of normally germinated seeds in successive observation days (d). 3. Dormancy index (Strand 1990 
, where ZNK is the number of healthy seeds not germinating after 8 days at the temperatures of 15°C and 25°C, respectively. The mentioned germination indices of the seven years were conducted as a randomized complete block with four replicates of the 12 genotypes, after the transformation of percentage values to angular values according to Bliss. Homogeneous cultivar groups were separated on the basis of Duncan's multiple t-test (P = 0.05). The reaction of the cultivars to the seasonal variation was evaluated on the basis of several estimators used most often when analysing the stability of traits (Eberhart and Russell 1966 , Lin et al. 1986 , Galek et al. 2000 . The measures of stability were: the coefficient of variation (V i %) for cultivars means, ecovalence (W i ) defining the participation of each genotype in the genotype × environmental interactions (Wricke 1965 
RESULTS AND DISCUSSION
Higher temperature inhibits the process of dormant seed germination and makes the genotypic differences more clear (Strand 1990 , Kamaha and Maguire 1992 , Binek 2002 . The results of the analysis of variance carried out for the investigated indices of germination at the temperature of 25°C point to a significant and considerable effect of all the discussed sources of variation (Table 1 ). The percentage of the variance components confirmed the considerable effect of the seasonal variation (38.0-22.1%) on germination ability as well as the rate of germination. However in regards to the dormancy index the percentage of this source of variation were smaller (16.4%). The interaction between cultivars and years was most evident in the results for the dormancy index as it accounted for 50.6% of the total variation. The year-varying environmental conditions were characterized on the basis of hydrothermal coefficients (Table 2 ). According to Strand (1990) there is a relationship between the dormancy index and temperature and insolation at the time of 10-40 days before harvest. It has also been found that cultivars react specifically to weather conditions, among others to temperature total, harvest date and germination temperature (Strand 1990 , Binek 2002 , Nyachiro et al. 2002 . The calculated hydrothermal coefficients, which acquired K > 1 values, point to high humidity of the environment at the time of seed development and ripening ( Table 2) . The values of the coefficient, varying in individual decades of ripening, from June to the first decade of August, did not show any relationship with the investigated dormancy indices, calculated for individual years, and with the coefficients of variation for the investigated cultivars (Table 3) . Strand (1990) also found that both the relative humidity of the environment and the ratio of rainfall to temperature did not affect directly the grain dormancy. Lunn et al. (2002) , when investigating differences in dormancy of wheat cultivars, observed that the effect of years on dormancy was much stronger than that of the location.
In spite of a considerable seasonal variation and the interaction between cultivars and years, significant differences in germinability of the investigated winter wheat cultivars were found (Table 4) . On the basis of multiple Duncan's test 6 cultivar groups homogeneous in respect of that trait, were separated. The greatest readiness to germinate after harvest (92-83%) was observed in Wanda, Juma and Begra. Low germination indices (44-58%), caused by the state of deep grain dormancy, were observed in Elena, Izolda, Almari, Mikon and Kobra. The year-varying germinability was inversely proportional to the germination results. The cultivars with a short dormancy period, germinating well after harvest, showed low environmental variation (V% = 6.5-13.7), while the results for the germination of cultivars with deeper dormancy revealed greater variation (V% = 43.6-57.6). Considering the tested cultivars, Roma and Izolda were characterized by high ecovalence and deviation from regression. The reaction of Begra was highly consistent with the environmental index (D i % = 92.3). The significant differentiation of the coefficients of regression is proof of a dissimilar reaction of genotypes to the variable environmental conditions between years. The cultivars Mikon, Sakwa, Kaja, Elena and Izolda were characterized by high linear regression indices (b i ). The post-harvest germinability of these cultivars (43.6-62.7%) indicates the dormancy of medium and deep intensity. The greater deviation from regression [S 2 d(i) ] observed in these cultivars shows that a considerable part of the genotype × environmental interactions cannot be predicted as a function of the environmental variation effect. Such a reaction of cultivars, causing a decrease in the dormancy level and an increase in the readiness of grains to germinate, is an unfavourable phenomenon.
Another factor of the dormancy variation is the germination rate (Kamaha and Maguire 1992) . The ranking of cultivars, done in respect of that indices, showed high conformity with the germinability results. The average germination rate ranged from Table 5 ). The coefficients (V%) describing the reaction of the cultivars to the seasonal variation showed similar differentiation as compared with the germinability variation. In Kobra and Elena, the cultivars with low germination rate stability, considerable interaction with environments (W i ) were found. Beside the mentioned cultivars significant coefficients of regression b i > 1 also occurred in Korweta and Sakwa. These cultivars were also characterized by high values of the determination coefficient (D i > 60%). This coefficient also revealed a different reaction to the seasonal variation in the cultivar Roma (D i = 7.1%). The dormancy index proposed by Strand (1990) defines the reaction of cultivars to thermally varied germination conditions (Table 6 ). The greatest #means marked with the same letter do not differ significantly according to Duncan's multiple t-test (P = 0.05) */**significant at P = 0.05 and P = 0.01, respectively +cultivars certified according to the OECD Seed Schemes values of the index were shown by the cultivars with high percentage of healthy seeds not germinating at 25°C as compared with the percentage of seeds germinating at 15°C. Such a reaction of cultivars to temperature results from the dormancy of seeds observed in Elena, Izolda, Mikon and Almari. The greatest ecovalence of the dormancy index was noted for Roma, while Korweta and Begra were found to be stable in respect of that index. The coefficients of regression for the cultivars were not diversified significantly. The cultivars Roma, Wanda and Juma showed the least consistence of the dormancy index in relation to the environmental mean value (D% = 1.5-9.5). The deeper the seed dormancy of the tested cultivars grew the lesser the stability of germinability and dormancy index was. In the case of Roma, with medium dormancy, the reaction to the environment condition was unpredictable. The results obtained for the stability of the reaction of the tested cultivars depended on the analysed dormancy indices and the estimators of the stability measures. The calculated coefficients of correlation between the investigated indices for cultivars as well as the cultivars and years acquired highly significant values (Table 7) . However the reaction of the cultivars to the environmental conditions, defined on the basis of these indices, was diversified. Mean values of the environment index in succeeding years depend mainly on the number of cultivars with deep dormancy, which show greater environmental variation. It seems that the sample of 12 cultivars evaluated over the period of 7 years can be regarded as a representative sample for winter wheat cultivars, registered in the national list.
The dormancy factors discussed in the paper and used in numerous research works (Strand 1990 , Kamaha and Maguire 1992 , Nyachiro et al. 2002 undergo, to a varied degree, genotype-environmental interactions. Among the tested cultivars the greatest unstability of germinability and the dormancy index was found in Roma. According to Weilenmann (1980) , high values of ecovalence point to untypical behaviour of cultivars, resulting from a specific reaction to weather conditions in a given year. Significant coefficients of regression b i > 1 for all the three dormancy indices were found for the cultivars Sakwa, Kobra, Mikon and Elena. The mentioned cultivars showed a stronger and directed reaction in relation to the environment index, although Sakwa and Kobra were characterized by medium dormancy, and Mikon and Elena showed deep dormancy.
The evaluation of the stability of the three dormancy indices was done on the basis of five parameters of stability. The calculated coefficients of correlation (Table 8) showed highly significant positive relation (r = 0.87**-0.97**) between ecovalence (W i ) and [S 2 d(i) ] -the mean square of deviations from regression. Significant interrelation (r = 0.69*-0.86**) was also found between the coefficient of regression (b i ) and (D i %), the coefficient of determination. These findings confirm #means marked with the same letter do not differ significantly according to Duncan's multiple t-test (P = 0.05) */**significant at P = 0.05 and P = 0.01, respectively +cultivars certified according to the OECD Seed Schemes the suggestion of Galek et al. (2000) according to which it is possible to replace and limit the number of parameters used when evaluating the stability of traits. */**significant at P = 0.05 and P = 0.01, respectively
